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(54) SUDING BEARING 

(57) A sliding bearing (1) is provided in the whole 
axial area of its slide contacting surface (1 A) with helical 
grooves (18), and the height of ridges (1 a) of the helical 
grooves (1 B) is set as follows: an imaginary reference 
line (L) parallel to an axis of the bearing is determined in 
a position in which the sum of the areas of cross sections, 
which are c^tained by cutting the helical grooves (1 B) in 
the axial direction, of all the ridges (la) and that of the 



cross-sectional areas of ail the valleys (1b) become 
equal. A height measured from this reference line (L) to 
an apex (la*) of a ridge (la) is set to 2-8 jim. Owing to 
the hollow spaces comprising the valleys (1 b), a feed rate 
of a lubricating oil can be increased, whereby the reduc- 
tion of the frictional resistance and hammering sound 
can be attained at once. 
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Description 
Technical Field 

The invention relates to a sliding bearing, and more s 
particularly, to a sliding bearing in which annular peaks 
are formed on a suriace which is disposed in sliding con- 
tact with a rotating shaft 

PacKgrQund 

Customarily, a slight clearance is produced between 
the surfaces of a sliding bearing and a rotating shaft 
which are disposed in sliding contact with each other 
when the rotating shaft is rotatably journalled by the slid- is 
ing bearing. In such a conventional sliding bearing, when 
a smaller internal diameter of the surface of the slicBng 
bearing which Is disposed for sliding contact Is chosen 
In an attempt to minimize the magnitude of the clearance, 
there results a disadvantage that a frictional resistance 20 
between the surfaces of the sliding bearing and the rotat- 
ing shaft which are disposed in sliding contact with each 
other increases. Conversely, when a larger inner diame- 
ter is chosen for the sliding surface of the sliding bearing 
to Increase the clearance In order to minimize the trie- 2S 
tlonal resistance, there results another disadvantage 
that the occurrence of striking sound between the sur- 
faces increases. Thus, it has been difficult in a conven- 
tional sliding bearing to achieve a reduction in the 
frictional resistance between the sliding surfaces and a 30 
reduction in the striking sound generated simultane- 
ously. 

Disclosure of the Invention 

35 

In view of the foregoing, the invention provides a slid- 
ing bearing including a plurality of axially spaced, annular 
continuous or discontinuous peaks which extend drcum- 
ferentially of a surface of the sliding bearing which is dis- 
posed for sliding contact with a rotating shaft in which as 40 
viewed in the axial section, the various portions are 
defined on the basis of an imaginary reference line inter- 
secting with individual peak regions and extending par- 
allel to the axis and which is determined such that a total 
cross-sectional area of peak regions located above the 4S 
reference line is equal to a total cross-sectional area of 
valley-shaped recess regions located below the refer- 
ence line, the top of tine peak having a height AC above 
the imaginary reference line and a height as measured 
from the bottom of the valley-shaped recess to the top so 
of the peak being denoted by h, the parameter AC being 
taken on an ordinate and the parameter Ji being taken 
on the abscissa In a graphical representation, the param- 
eters AC and h being located within a range defined by 
four rectilinear lines given by the following mathematical ss 
equations: 

h = AC (1) 



hs 5/1.9 AC (2) 

h e 8 (3) 

AC = 1 (4) 

where h and AC are measured in unit of \xm. 

With the sliding bearing thus constructed, a lubricant 
oil is stored in the spiace of an annular groove fbnned 
between a pair of axially adjacent peaks or In the valley- 
shaped recess, whereby the amount of lubricant oil 
which Is maintained between the sliding surfaces can be 
Increased. If tiie internal diameter of the sliding surface 
of the sliding bearing is chosen small so as to reduce the 
clearance between the sliding surface of the rotating 
shaft and tfie sliding surface of the sliding bearing, the 
actual clearance left between the rotating shaft and the 
sliding bearing is large as compared with the conven- 
tional sliding bearing, whereby the frictional resistance 
experienced between the sliding surfaces can be mini- 
mized. 

As to the occun-ence of striking sound, the peaks on 
the sliding surface of the bearing and the clearance are 
effective in reducing the occurrence of striking sound at 
the same time the frictional resistance is reduced. In this 
manner, a reduction in the sliding resistance and a reduc- 
tion in the occurrence of stiriking sound are simultane- 
ously achieved. 

Brief Description of the Drawings 

Rg. 1 is an axial cross section of an essential part 
of a sliding bearing 1 according to one emt)ocfiment 
of the invention in an exaggerated form; 
Rg. 2 graphically shows a multitude of rectilinear 
lines, which Illustrate differences in the size of 
essential parts between a sliding bearing according 
to the invention and a conventional sliding bearing: 
Rg. 3 is a graphical representation of a result of 
measurement of striking sound in sliding bearings 
of several embodiments in contrast to that of a con- 
ventional sliding bearing: 

Rg. 4 graphically illustrates a result of measurement 
of sliding resistance of tiie sliding bearing according 
to the embodiment of the invention in contrast to that 
of a conventional sliding bearing; 
Rg. 5 graphically illustrates a result of measurement 
of an oil quantity stored between the sliding surfaces 
in the sliding bearings of the invention In contrast to 
a conventional sliding bearing; 
Rg. 6 Is a chart indicating results of measurement 
of a back surface temperature of the bearing accord- 
ing to tiie invention as contrasted to conventional 
sliding bearing; 

Rg. 7 is an axial cross section of part of a second 
embodiment of the invention; and 
Rg. 8 is an axial across section of part of a conven- 
tional sliding bearing. 
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Best Mode to Carry Out the Invention AC « 1 (4) 



Refemng to the drawings, the invention will be 
described betow with reference to several embodiments 
thereof shown. Rg. 1 shows an axial section of a sRding 
bearing 1 according to the invention which assumes a 
cylindrical configuration, a sliding surface 1A being 
shown. 

In the sliding bearing 1 according to the present 
embodiment, the sliding surface 1A is formed, over its 
entire axial region where tt Is disposed in sliding contact 
with a sliding surface 2A of a rotating shaft 2, with a hel- 
ical groove 16 which is continuous drcumterentialiy. 
thereby forming a peak 1 a between a pair of axially adja- 
cent grooves 1 B. 

WlTen the rotating shaft 2 has an outer diameter D1 
of 50 mm, for example, adjacent peaks 1a, which are 
formed by the grooves 1 B, have a pitch p. which is cho- 
sen to be equal to OJZ mm (200 fun) . A height h» as meas- 
ured from the bottom 1b* of each valley lb to the top la* 
of the peak la, is chosen to be equal to 8 ^m at maxi- 
mum. 

In particular, in the present embodiment, the helical 
groove 1 B is formed by a boring operation, and the height 
of the top la* of each peak 1a is determined in the fol- 
lowing manner: Specifically, over the entire axial region 
of the sliding surface 1 A in which the helical groove 1 B 
is formed, an imaginary reference line L is determined 
which intersects the individual peaks la and which 
extends parallel to the axis such that a total cross-sec- 
tional area of the individual peaks 1a located above the 
reference line L is equal to a total cross-sectional area 
of the space comprising the individual valleys lb. A 
height AC, as measured from the imaginary reference 
line L to the top la' of each peak la, is chosen to be in 
a range from 1 to 8 ^m. It will be appreciated from the 
ratio of the descnljed pitch p of 200 yum and the described 
height h which is equal to or less than 8 ^im, that the 
actual cross-sectional configuration of the sliding bear- 
ing 1 will be far greater in the lateral or axial direction as 
compared with the illustration of the cross section shown 
in Fig. 1. 

From results of experiments conducted by the appli- 
cant, which will be described later, it is found that there 
is obtained a prefenred bearing performance from a slid- 
ing bearing 1 which is located in a range delineated by 
four rectilinear lines shown in graphical representation in 
Rg. 2 and expressed by the following mathematic equa- 
tions, which define the relationship between the height 
h. measured from the bottom lb' of the valley lb to the 
top la' of the peak 1a and the heigtit AC, as measured 
from tiie reference line to the top of the peak: 

h = AC (1) 

h = 5/1 .9 AC (2) 

h = 8 (3) 



where h and AC are measured In unit of ^m. 

From the same results of experiments, it is found that 
5 a sliding bearing 1 which exhibits an excellent bearing 
performance when it is located in a range defined by four 
rectilinear tines, expressed by the following equations: 

h = AC (1) 

10 

h = 2AC (5) 

h « 8 (3) 

IS AC =1.5 (6) 

From the same results of experiments. It Is also 
found that the most excellent bearing performance is 
achieved by a sliding bearing 1 which is located in a 
20 range delineated by three rectilinear lines, expressed by 



tiie following equations: 

h = AC (1) 

25 h = 5 (7) 

. AC = 3 (8) 



A sliding bearing having a groove formed in its slid- 
30 ing surface is disclosed in Japanese Patent Publication 
No. 1 1 ,530/1988, for example. When the concepts of tiie 
height h. the reference line L and the height AC according 
to the present embodiment are applied to the sliding 
bearing disclosed in tiiis Patent Publication, the relation- 
35 ship between the heights b and AC are represented by 
rectilinear lines 1 0 and 1 1 . 

Specifically, in the sliding bearing disclosed in Jap- 
anese Patent Publication No. 11,53^/1988 (Fig. 4 
thereof) , the pitch a between adjacent V-shaped grooves 
40 and the diameter d of the sliding bearing are related as 
follows: 

a = 200 + 0.5d + 0.006d^ 
45 h/b s (1500- d)/1 500 

(a-b)/a= 100-6 Vu°®(%) 

the denotations used being shown in Fig. 8. 

so Assuming that Vu = 20 m/s, for a combination of d = 
50 mm, a ^ 240 fim, b ^ 86 ^m, and h ^ 24 pm, a value 
corresponding to AC as termed in the present embodi- 
ment is equal to 15 ^m. 

If we assume that a = 240 |Lim, b s 86 inm and h ^ 5 

55 ^.m. a value conesponding to AC is equal to 0.9 fim. 
Thus, the sliding bearing shown in Fig. 4 of Patent Pub- 
lication No. 1 1 ,530/1 988 is located, as considered in Fig. 
2. in a range in which AC assumes a value which is equal 
to or less than the rectilinear line 10. 
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In the cited Patent Publication No. 11.530/1988. a 
groove which is trapezoidal in cross section is shown in 
Fig. 6 thereof. As indicated by phantom lines in Fig. 8, 
when the groove Is perfectly rectangular in configuration, 
a value con^sponding to AC will be 1 .79 ^m. This is illus- 
trated in Rg. 2 by the rectilinear line 1 1 . Accordingly, the 
sliding bearing having a groove as indicated by phantom 
lines in Rg. 8 is locatai in a range below the rectilinear 
line 1 1 , which indicates the range of values for AC. 

Rgs. 3 to 6 indicate results of experiments con- 
ducted by mounting the sliding bearing 1 of the present 
embodiment and a sliding bearing disclosed In the cited 
Patent Publication on a rotating shaft having an identical 
outer diameter with an equal clearance for rotation. 

The experiments have been conducted by choosing 
values of h = 5 Jim and p = 0.2 mm for the sliding bearing 
1 of the present embodiment. The clearance between 
the sliding surface 2A of the rotating shaft 2 and the slid- 
ing bearing 1 refers to the dimension measured across 
the top la* of the peak la and the sliding surface 2A of 
the rotating shaft 2. 

Initially referring to Rg. 3 and considering the occur- 
rence of striking sound which is developed by abutment 
between the rotating shaft and the sliding bearing, it is 
noted that in the sliding bearing of the invention in which 
AC is chosen to be equal to 0 or where no groove is 
formed in the sliding surface and in the conventional slid- 
ing bearing disclosed In the Patent Publication, the strik- 
ing sound was measured at an acoustic level of 60 dB. 
By contrast, when AC is chosen to be equal to 2.5 fim 
and 3,5 jim in the present embodiment, the acoustic level 
Is reduced by 2 to 3 dB over the prior art. 

Considering the sliding resistance, it will be seen 
from Rg. 4 that the frictional loss torque of the rotating 
shaft is reduced for AC = 3.5 |xm than for the prior art or 
a choice of AC = 0 at every number of revolutions. 

Considering the quantity of lubricant oil which flows 
between the sliding surfaces of the sliding bearing and 
the rotating shaft at each number of revolutions, it will be 
seen from Rg. 5 that when AG is equal to 2.5 jxm and 
3.5 Jim according to the present embodiment, the oil 
quantity is increased over the conventional bearing dis- 
closed in the cited Patent Publication and the choice of 
AC = 0 (no groove formed in the sliding surface). 

Considering the relationship between the tempera- 
ture of the back surface of the sliding bearing and the oil 
feed temperature of the lubricant oil. it will be noted from 
Rg. 6 that the sliding bearing according to the present 
embodiment in which AC is equal to 3.5 jim, shown by 
black dots, exhibits a lower oil temperature than the slid- 
ing bearing disclosed in the cited Patent Publication 
which is shown in white circle. 

Accordingly, experimental data shown in Figs. 5 and 
6 indicate that with the sliding bearing 1 of the present 
embodiment, the provision of the helical groove 1B con- 
structed in the manner mentioned above allows the 
quantity of lubricant oil, passing over the sliding surfaces 
1 A and 1 B, to be increased. The frictional resistance pre- 
sented by the sliding surface 1 A can be reduced for the 



reason mentioned before, as indicated in Fig. 4. In addi- 
tion, the occurrence of striking sound between the sliding 
surfaces 1 A and 2A of the sliding bearing of the rotating 
shaft 2 can be reduced, as indicated in Fig. 3. 

5 

Second Embodiment 

Rg. 7 shows a second embodiment of the invention. 
In the first embodiment mentioned above, the valley 1b 

10 has been in the form of a gentle arc in cross section. By 
contrast, in the second embodiment, the valley 1 b is trap- 
ezoidal in section. Accordingly, the profile of ttie peak 1 a 
is in the form of a wedge having an acute angle in section. 
In other respects, the arrangement is similar to the first 

IS embodiment Accordingly, similar experimental data are 
obtained as described in connection with thef irst embod- 
iment, and therefore, a similar functioning and an effect 
are achieved as in the first embodiment. 

In the both embodiments described above, the peak 

20 1 a Is helically continuous as a result of the helical groove 
1 B which continues in the circumferential direction of the 
sliding surface 1 A.. However, instead of providing a heli- 
cal groove, there may be a plurality of annular grooves, 
which are continuous in the circumferential direction. 

25 may be formed in the sliding suriace at a given axial 
spacing, thereby providing annular peaks which are dis- 
continuous in the circumferential direction. 

Claims 

30 

1. A sliding bearing including a plurality of axially 
spaced, annular continuous or discontinuous peaks 
which extend circumferentially of a surface of the 
sliding bearing which is disposed for sliding contact 

35 with a rotating shaft in which as viewed in the axial 
section, the various portions are defined on the 
basis of an imaginary reference line intersecting with 
individual peak regions and extending parallel to the 
axis and which is determined such that a total cross- 

40 sectional area of peak regions located above the ref- 
erence line is equal to a total cross-sectional area of 
valley-shaped recess regions located below the ref- 
erence line, the top of the peak having a height AC 
above the imaginary reference line and a height as 

45 measured from the bottom of the valley-shaped 
recess to the top of the peak denoted by h. the 
parameter AC being taken on an ordinate and the 
parameter h being taken on tiie abscissa in a graph- 
ical representation, the parameters AC and h being 

so located within a range defined by four rectilinear 
lines given by the following mathematical equations: 

h = AC (1) 

55 h=: 5/1 .9 AC (2) 

h = 8 (3) 

AC = 1 (4) 
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in which h and AC are measured in unit of ^m. 



A sfiding bearing including a plurality of axialiy 
spaced, annular corttinuous or discontinuous peaks 
which extend circumferentially of a surface of the 
sliding bearing which is disposed for sliding contact 
with a rotating shaft in which as viewed in the axial 
section, the various portions are defined on the 
basis of an imaginary reference line intersecting with 
individual peak regions and extending parallel to the 
axis and which is determined such that a total cross- 
sectional area of peak regions located above the ref- 
erence line is equal to a total cross-sectional area of 
valley-shaped recess regions located below the ref- 
erence line, the top of the peak having a height AC 
above the imaginary reference line and a height as 
measured from the bottom of the valley-shaped 
recess to the top of the peak, denoted by h. the 
parameter AC being taken on an ordinate and the 
parameter h being taken on the abscissa in a graph- 
ical representation, the parameters AC and h being 
located within a range defined by four rectilinear 
lines given by the following mathematical equations: 



h = AC 
h=2AC 

h«8 
AC = 1.5 



(3) 
(4) 



in which h and AC are measured In unit of ^m. 

A sliding bearing including a plurality of axialiy 
spaced, annular continuous or discontinuous peaks 
which extend circurrrferentially of a surface of the 
sliding bearing which is disposed for sliding contact 
with a rotating shaft in which as viewed in the axial 
section, the various portions are defined on the 
t>asis of an imaginary reference line intersecting with 
individual peak regions and extending parallel to the 
axis and which is determined such that a total cross^ 
sectional area of peak regions located above the ref- 
erence line is equal to a total cross-sectional area of 
valley-shaped recess regions located below the ref- 
erence line, the top of the peak having a heighrt AC 
above the imaginary reference line and a height as 
measured from the bottom of the valley-shaped 
recess to the top of the peak, denoted by h. the 
parameter AC being taken on an ordinate and the 
parameter ti being taken on the abscissa in a graph- 
ical representation, the parameters AC and h being 
located within a range defined by four rectilinear 
lines given by the following mathematical equations: 
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(1) 25 

(2) 



30 



3S 



40 



50 



55 



AC»3 



(3) 



in which h and AC are measured in unit of ^m. 

4. A sliding bearing according to one of Claims 1 to 3 
in which a helical groove is formed in the sliding sur- 
face to define an annular continuous peak which 
extends circumferentially between axialiy adjacent 
grooves. 

5. A sliding bearing according to one of Claims 1 to 3 
in which a plurality of annular grooves are formed in 
the sliding surface to define a plurality of annular 
peaks which extend circumferentially between axi- 
aliy acQacent annular grooves, adjacent peaks being 
discontinuous from each other. 

6. A sliding bearing according to one of Claims 1 to 5 
in which the valley-shaped recess Is in the form of a 
gentle arc in cross section. 

7. A sliding bearing according to one of Claims 1 to 5 
in which the valley-shaped recess is trapezoidal in 
cross section. 

8. A sliding bearing according to one of Claims 1 to 7 
in which the adjacent peaks has a pitch of about 200 
fim. 



h = AC 



(1) 



h = 5 



(2) 



5 



EP0 709 585 A1 



FIG. J 
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FIG. 3 

prior art (AC=0.5/<m) 
.embodiment (AC=0/4fn) ^ 

embodiment(AC=2.5^fn) 

c5 embodiment(AC=3.5//m) 
55 5 



2.5 3.5 

condition of experiment s 

sound pressure level from series four cylinder engine, 
when operated at 1500 rpm and half -load, is measured 
with a microphone. 

FIG. 4 
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FIG, 6 
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